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[57] ABSTRACT 
A centrifugal stirring apparatus for treating loose parti 
cles or workpieces, comprising a work vessel and a 
rotary stirring disc on the ?oor of the work vessel, is 
characterized in that at least two work vessels compris 
ing stirring discs are arranged adjacent one another and 
connected with one another via a common over?ow 
opening. The particles or workpieces to be treated may 
pass directly from one work vessel to the next through 
such over?ow openings and ?nally exit from the last 2,845,936 8/1958 Boynton et a1. . 

3,054,230 9/1962 Logue . Vessel 
4,os4,3ss 4/1978 Balz . 

4,385,472 5/1983 Balz . 16 Claims, 2 Drawing Sheets 
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CENTRIFUGAL STIRRING APPARATUS 

This application is a continuation of Application Ser. 
No. 757,357, ?led July 22, 1985, now abanodned. 

FIELD OF THE INVENTION 

The invention relates to a centrifugal stirring appara 
tus for altering the shape, surface and/or size of loose 
particles or workpieces, comprising a work vessel and a 
rotatably driven stirring disc mounted on the ?oor of 
the work vessel for rotation about an axis of rotation 
and serving to circulate particles and workpieces in the 
work vessel. 

BACKGROUND OF THE INVENTION 

A stirring or agitating apparatus of this type is 
known, for example, from the German laid-open paper 
No. DE-OS 33 20 891. This apparatus is based on the 
principle of so-called “glide griding” which enables, in 
particular, the surface polishing of workpieces and the 
comminution, granulation or agglomeration of particles 
to be carried out. Typical for the process of glide grind 
ing is the continuous circulation and mixing of a filling 
of loose particles or workpieces under primarily shear 
ing forces, which make themselves conspicuous in a 
roller of the particles or workpieces being treated. 
Treating materials, such as polishing mediums or mate 
rials, may be added in particular for the glide grinding 
of workpieces. During the treatment of particles, their 
shape alters to become more spheroidal. the size of the 
particles is reduced during glide griding and comminu 
tion but generally increased during granulation or ag 
glomeration. 
A number of apparatuses are available for carrying 

out glide grinding methods, e.g. rotary tumblers, rotary 
bell-shaped receptacles, rotary discs, vibrators and stir 
ring or agitating receptacles. More detailed information 
on these apparatuses and methods may be found in HE. 
Hinz “Gleitschleifen” (= glide grinding), Expert pub 
lishing house, Grafenau 1980 and on granulation or 
agglomeraton in P. J. Charrington and R. Oliver 
“Granulation”, Haeyden & Son, Rheine 1981. 

Centrifugal stirring or agitating apparatuses are par 
ticularly favourable. They consist of a cylindrical vessel 
comprising a rotary stirring tool, usually in the form of 
a stirring disc on the vessel ?oor. The mass produced 
products to be treated undergo a toroidal movement in 
the vessel. This is characterized by the Froude number 
which is de?ned as the ratio of centrifugal acceleration 
to the acceleration due to gravity. It is within the range 
of between l0and 100. Furthermore, the speci?c vol 
ume capacity is very important for these methods. The 
values should be as high as possible, approximately 100 
kW/m3. 
A disadvantage of all known centrifugal stirring ap 

paratuses is the fact that they may be operated only in 
batches, have only a low speci?c volume capacity and 
are subject to high wear and tear in the case of stirring 
tools with convex pro?les. 

Operation in batches is understood to mean that the 
apparatus has to be ?lled with the loose material or mass 
produced products in a complicated and time-consum 
ing manner, usually manually, before treatment can 
commence and emptied again once treatment is con 
cluded. Continuous operation with, in particular, auto 
matic feeding and discharge of the materials to be 
treated has not so far been possible. 
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SUMMARY OF THE INVENTION 

The object of the invention is therefore to improve a 
centrifugal stirring apparatus of the type in question 
such that a continuous operation is possible, in particu 
lar without the stirring discs being stopped, and so that 
a high speci?c volume capacity may be guaranteed. 

Accordingly, the present invention provides a cen 
trifugal stirring apparatus which comprises two or more 
work vessels connected to one another by a common 
over?ow opening between them. The cross-sectional 
surface of the opening is narrowed in relation to the 
height and diameter of the work vessels. The centrifu 
gal stirring apparatus further comprises a mechanism 
for adjusting the cross-sectional surface of the over?ow 
opening and a rotatably driven stirring disc mounted on 
the bottom of each work vessel. Upon rotating the 
stirring disc, the particles and work pieces circulate in 
the work vessels and the treated particles or workpieces 
are passed directly from one work vessel to another 
through the common over?ow opening. The work 
vessels are arranged one behind the another in a contin 
uous row, and the loose particles or workpieces may be 
introduced into the ?rst work vessel of the row where 
they will travel continuously through all of the vessels 
of the row before being removed from the last vessel of 
the row. 
The invention further provides a centrifugal stirring 

apparatus which comprises two or more work vessels 
including at least ?rst and second generally cup-shaped 
work vessels directly connected to each other and hav 
ing a common over?ow opening between them. The 
ratio of the height of each work vessel to the diameter 
of each work vessel is in the range of about 1 to about 
2 and the ratio of the width of the common over?ow 
opening to the diameter of each work vessel is in the 
range from about 0.2 to about 0.6. The centrifugal stir 
ring apparatus further comprises a rotatably driven 
stirring disc mounted on the ?oor of each work vessel 
and rotatable about an access of rotation. The ratio of 
the distance between the axes of rotation of the ?rst and 
second vessel to the diameter of each work vessel is in 
the range of about 1.05 to about 1.2. When the stirring 
discs rotate, the work pieces circulate in the work ves 
sels ina toroidal rolling movement, holding the loose 
work pieces in the individual work vessels for a certain 
length of time to enable treatment of the work pieces to 
be carried out. The work pieces to be treated may be 
introduced into the ?rst work vessel and then passed 
directly from the ?rst work vessel into the second work 
vessel through the common over?ow opening. 

In this way, the material to be treated may be fed in 
continuously or in batches and drawn off again continu 
ously after passing through the apparatus which com 

' prises a plurality of stirring discs. The quality and inten 

65 

sity of treatment may be controlled by altering the num 
ber of agitating stations, through which the material 
passes, by altering the rotational speed and direction of 
rotation of the stirring discs as well as by adjusting the 
cross-sectional area and level of the over?ow openings 
accordingly. The time the material to be treated is re 
quired to remain in the treatment stations arranged 
adjacent one another may, in particular, be adjusted 
accordingly due to the arrangement of a plurality of 
work vessels next to one another, these work vessels all 
comprising stirring discs. 
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BRIEF DESCRIPTION OF THE DRAWING 

The following description of preferred embodiments 
of the invention serves to explain the invention in 
greater detail in conjunction with the attached draw 
ings, in which 
FIG. 1 shows a schematic side view of a centrifugal 

stirring apparatus comprising a plurality of treatment 
stations; 
FIG. 2 is a plan view of the apparatus shown in FIG. 

1; 
FIG. 3 is a partial plan view similar to that in FIG. 2; 
FIGS. 4 to 7 show various work surfaces for the 

stirring discs in cross section and in the plan view; 
FIG. 8 shows a stirring apparatus comprising a total 

of 10 stations, the inlet and discharge openings hereby 
lying adjacent one another, and 
FIG. 9 shows an over?ow opening comprising vari 

ous shutters for altering the cross-sectional area of the 
opening. 

DESCRIPTION OF THE EXPEMPLARY 
EMBODIMENTS 

FIG. 1 shows a frame or supporting structure 1, on 
which a total of 5 stirring, dish-shaped discs 2 are rotat 
ably mounted adjacent one another. Disposed around 
the stirring discs 2 are, for example, cup-shaped or cy 
lindrical work vessels 3, which accommodate the parti 

' cles or workpieces 4 in the form of a loose ?lling of 
~ material. The individual work vessels 3 are, as indicated 
schematically in FIG. 2, connected with one another by 
means of narrow passages or constrictions 8 in the form 

> of over?ow openings. The loose material to be treated 
is fed to the stirring apparatus at an inlet opening A in 
the ?rst work vessel 3 and after completion of treatment 
is drawn off at a discharge opening B provided in the 
last work vessel. The material may be preferably drawn 
off in the direction of the dotted arrow B, i.e. in the 
same direction as the direction of flow of the loose 

‘ material through the individual work vessels 3. A motor 
5 drives the individual stirring discs 2 via a belt or chain 
6. A device 7, e.g. a screw spindle, which is known per 
se enables the setting of the stirring apparatus to be 
altered relative to the horizontal so that the-direction of 
?ow of the loose material over the individual stirring 
discs may be inclined slightly downwards, supported by 
the force of gravity. v 
The axes of rotation of the individual discs have the 

reference numeral 9. When passing through the individ 
ual work vessels 3 with their respective discs 2, the 
loose material remains in the individual work vessels for 
a certain length of time to enable treatment to be carried 
out and then passes through the over?ow opening into 
the next vessel until it ?nally exits from the apparatus at 
the discharge opening B once treatment is complete. 
FIG. 3 shows in detail a narrow passage 8 forming 

the over?ow opening between two work vessels 3. The 
over?ow opening has, at this point, a width b. The 
diameter of the work vessel is D, the distance between 
the axes of two stirring discs is a and the height of the 
work vessels 3 is designated H (FIG. 1). A favourable 
geometry for the practical construction of the stirring 
apparatus is then: b/D =0.2 to 0.6, H/D =1 to 2 and 
a/D =l.05 to 1.2. The number of discs 2 may be be 
tween 5 and 15, ; preferably between 8 and 12. The drive 
for the stirring discs may be designed as a group drive 
by a single motor 5 or as individual drive means for each 
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4 
disc,from above or below,by means of a plurality of 
electric motors. 
FIGS. 4 to 7 show various stirring discs, the work 

surfaces of which are not convex in the peripheral di 
rection, i.e. are designed to be concave or hollow. The 
outer contours of these work surfaces are, as also shown 
in FIGS. 4 to 9, axially unsymmetrical in relation to the 
axis of rotation 9. The work surface of the disc 2 is, for 
example, designed as an unsymmetrical truncated cone 
in FIG. 4, an elliptic truncated cone in FIG. 5, a trun 
rmted pyramid in FIG. 6 and in the form of an arena in 
FIG. 7. Work surfaces which are axially symmetrical in 
relation to the axis of rotation 9 are, however, suitable 
as well. In FIG. 8, a total of 12 work vessels 3 compris 
ing stirring discs 2 are arranged one behind the other, 
the loose material to be treated passing through the first 
?ve work vessels from left to right and the following 
work vessels from right to left since the over?ow open 
ing between the fifth and sixth work vessels is displaced 
through 90'‘ in relation to the direction of ?ow. In this 
way, inlet opening A and discharge opening B are 
comfortably arranged next to one another and the 
arrangement as a whole saves on space. _ 

Finally, FIG. 9 shows in schematic form an over?ow 
opening 11 arranged at the narrow point between two 
adjacent work vessels 3. The lower edge of the opening 
11, i.e. the position of the opening with regard to height 
in relation to the adjacent stirring disc, may be altered 
by a ?rst shutter 12 which may be moved up and down 
in the directions shown by the double-headed arrow C. 
This can in?uence the flow behaviour of the loose mate 
rial within the apparatus. The cross-sectional area of the 
over?ow opening 11 may be altered by the shutter 13 
which is movable in the directions shown by arrow D. 
The same may be achieved with the aid of a shutter 15 
which is mounted at 14 for pivoting movement in the 
directions shown by arrow E. The time the loose mate 
rial remains in the stirring apparatus may be adjusted in 
the desired way by altering the cross-sectional area of 
the opening accordingly. 

In a particularly favourable embodiment of the inven 
tion it is possible for successive stirring discs 2 to rotate 
in opposing directions with or without a difference in 
rotational speed. This means that the loose material to 
be treated is evenly subjected to shearing forces when 
passing thourhg the work vessels 3. 

In a further preferred embodiment, all or several of 
the discs 2 rotate in the same direction with or without 
a difference in rotational speed. For some mass pro 
duced products, it is expedient to subject them to tem 
porary impingement forces. This is achieved by such an 
embodiment. 

It is also advantageous for realization of the inven 
tion, as already mentioned, when the work surfaces of 
the stirring discs 2 are not convex in the peripheral 
direction and not designed as symmetrically rotational 
bodies in relation to the axis of rotation 9. This achieves 
a positive transfer of torque from the stirring disc to the 
?lling of loose material without the necessity of convex 
parts which are subject to wear and tear. 

In an additional advantageous embodiment of the 
invention the work vessels 3 are designed as a straight 
or annular channel (FIG. 8). This is a constructive solu 
tion which saves space and is favourable for a central 
drive. The channel common to all the discs 2 has a 
constricted over?ow opening 11 between every two 
adjacent stirring discs. Constricted means, in this case, 
that the diameter of the over?ow opening 11 is smaller 
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than the diameter D of the work vessel and the height 
H. The constricted over?ow openings between the 
individual work vessels enable the ?ow of loose mate 
rial therethrough to be controlled such that the material 
?ows forwards in the direction of ?ow substantially 
uniformly between the individual stirring discs and 
without any return ?ow. It is also possible to adjust the 
distribution of material exactly with regard to the tine 
spent in each work vessel. 
The over?ow opening 11 (FIG. 9) need not be lim 

ited by straight edges. The edges may also be curved so 
that the over?ow opening is round or oval. 
What is claimed is: 
1. A centrifugal stirring apparatus for altering the 

shape, surface and/or size of loose particles or work 
pieces, the centrifugal stirring apparatus comprising a 
plurality of work vessels including at least two gener 
ally cylindrical work vessels connected to each other 
having a common over?ow opening between them 
wherein each work vessel has a height, diameter and a 
bottom end, the opening has a crosssectional surface, 
and the cross-sectional surface of the opening is nar 
rowed in relation to the height and diameter of the 
work vessels, means for adjusting the cross-sectional 
surface of the overflow opening, and a rotatably driven 
stirring disk mounted on said bottom end of each work 
vessel for rotation about an axis of rotation whereby the_ 
particles and workpieces circulate in the work vessels, 
and the treated particles or workpieces pass directly 
from one work vessel into another through the opening, 
the work vessels being arranged one behind the other in 
a continuous row and the loose particles or workpeices 
being introduced into the ?rst work vessel of the row, 
travelling continuously through all the vessels of the 
row and being removed from the last vessel of the row. 

2. The stirring apparatus of claim 1 wherein the plu 
rality of work vessels includes at least one work vessel 
having means de?ning an inlet opening for the particles 
or workpieces and another work vessel having means 
de?ning a discharge opening for the particles or work 
pieces. 

3. The stirring apparatus of claim 1 wherein the ad 
justing means comprises a shutter or the like. 

4. The stirring apparatus of claim 1 further compris 
ing means for adjusting the position of the over?ow 
opening with regard to height in relation to the stirring 
disk. 

5. The stirring apparatus of claim 2 further compris 
ing means for adjusting the position of the over?ow 
opening with regard to height in relation to the stirring 
disks. 

6. The stirring apparatus of claim 1 wherein the plu 
rality of work vessels are arranged one behind the other 
in a substantially straight row. 
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6 
7. The stirring apparatus of claim 2 wherein the plu 

rality of work vessels are arranged one behind the other 
in a substantially straight row. 

8. The stirring apparatus of claim 2 wherein the plu 
rality of work vessels are arranged one next to another 
in a compact con?guration such that the ?rst work 
vessel is substantially located adjacent to the last work 
vessel. 

9. The stirring apparatus of claim 1 wherein the stir 
ring disks rotate at least partially in opposing directions. 

10. The stirring apparatus of claim 1 wherein the 
stirring disks rotate at least partially at varying rota 
tional speeds. 

11. The stirring apparatus of claim 1 wherein each 
stirring disk has a work surface, said work surface being 
concave in the peripheral direction. 

12. The stirring apparatus of claim 1 wherein each 
stirring disk has a work surface, said work surface being 
rotationally unsymmetrical in relation to the axis of 
rotation. , 

13. The stirring apparatus of claim 1 wherein the 
plurality of work vessels comprise a channel common 
to all stirring disks, said channel comprising a con 
stricted over?ow opening between adjacent stirring 
disks. 

14. The stirring apparatus of claim 1 further compris 
ing a support frame for supporting the work vessels and 
means for adjusting the inclination of the support frame 
with respect to the horizontal. 

15. The centrifugal stirring apparatus of claim 1 
wherein the common over?ow opening extends be 
tween the two workpieces in a direction generally per 
pendicular to the axes of rotation of the stirring disks. 

16. A centrifugal stirring apparatus for altering the 
shape, surface and/or size of particles or workpieces in 
a loose filling of the workpieces and, in particular, for 
the surface polishing of workpieces by glide grinding, 
the centrifugal stirring apparatus comprising a plurality 
of work vessels including at least ?rst and second gener 
ally cup-shaped work vessels directly connected to each 
other and having a common over?ow opening between 
them wherein each vessel has a ?oor, a height H, and a 
diameter D, the ratio H/D being in the range from 
about 1 to about 2, and the opening has a width b and a 
cross-sectional surface, the ratio b/D being in the range 
from about 0.2 to about 0.6, and a rotatably-driven 
stirring disk mounted on the ?oor of each work vessel 
for rotation about an axis of rotation wherein the axis of 
the stirring disks of the ?rst and second work vessels are 
spaced by a distance a, the ratio a/D being in the range 
from about 1.05 to about 1.2, whereby the workpieces 
circulate in the work vessels in a toroidal rolling move 
ment holding the loose workpieces in the individual 
work vessels for a certain length of time to enable treat 
ment of the workpieces to be carried out and whereby 
the workpieces to be treated are introduced into the 
?rst work vessel and pass directly from the ?rst work 
vessel into the second work vessel through the opening. 
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